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$EVWUDFW
:HKDYH EHHQ GHYHORSLQJ DQHLJHQYDOXH DQDO\VLV VROYHU DV DPRGXOH RI WKH$'9(1785( V\VWHP IUHHO\ DYDLODEOH FRPSXWHU
DLGHG HQJLQHHULQJ V\VWHP IRU ODUJHVFDOH ILQLWH HOHPHQW DQDO\VLV,Q WKLV SDSHU ZH LQWURGXFH WKH SUHOLPLQDU\ GHYHORSPHQW RI
VHTXHQWLDOHLJHQYDOXHDQDO\VLVVROYHUEHIRUHSDUDOOHOL]LQJWKHVROYHU7KLVVHTXHQWLDOVROYHUKDVDVLPSOHLPSOHPHQWDWLRQRIWKHLQYHUVH
LWHUDWLRQPHWKRGDQGZLOOEHXVHGIRUYHULILFDWLRQRISDUDOOHOVROYHUZHSODQWRGHYHORSLQQH[WVWHS)URPWKHUHVXOWVRIWKLVVROYHU
WKHLQIOXHQFHRIWKHDVVXPSWLRQZHZLOOPDGHIRUWKHQH[WVWHSSDUDOOHOVROYHUFRXOGEHYHULILHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ%DQJODGHVK8QLYHUVLW\RI
(QJLQHHULQJDQG7HFKQRORJ\%8(7
Keywords:&RPSXSXWHUDLGHGHQJLQHHULQJ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WKH$'9(1785(V\VWHPILQLWHHOHPHQWPHWKRGVWUXFWXUDOHLJHQYDOXHDQDO\DVLV
                  FKDUDFWHULVWLFYLEUDWLRQDQDO\VLVSDUDOOHOFRPSXWLQJLQYHUVHLWHUDWLRQPHWKRG
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)(0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SUREOHPV WKHUH DUH VHYHUDO VROYHU PRGXOHV LQ WKH $'9(1785( V\VWHP VXFK DV $'9(1785(B6ROLG VWDWLF
HODVWLF  HODVWLFSODVWLF  ODUJH GHIRUPDWLRQ VWUHVV DQDO\VLV $'9(1785(B7KHUPDO VWHDG\  QRQVWHDG\ KHDW
FRQGXFWLYHDQDO\VLVDQG$'9(1785(B0DJQHWLFOLQHDUHGG\FXUUHQWQRQOLQHDUPDJQHWRVWDWLFDQDO\VLV7KHVH
VROYHU PRGXOHV ZHUH GHVLJQHG IRU GLVWULEXWHG PHPRU\ SDUDOOHO FRPSXWHUVE\ DGRSWLQJ WKH KLHUDUFKLFDO GRPDLQ
GHFRPSRVLWLRQ PHWKRG +''0 DQG VKRZHG JRRG SDUDOOHO SHUIRUPDQFHV IRU ODUJHVFDOH SUREOHPV RQ YDULRXV
SDUDOOHOFRPSXWHUV
$OWKRXJK WKH$'9(1785(V\VWHPKDV VHYHUDODGGLWLRQDO VROYHUVEHVLGHVDERYHPHQWLRQHGVROYHUV LWGLGQRW
KDYHDPRGXOH IRU VROYLQJFKDUDFWHULVWLFYLEUDWLRQSUREOHPV7KHUHIRUHZHKDYHEHHQGHYHORSLQJDFKDUDFWHULVWLF
YLEUDWLRQ DQDO\VLV VROYHU UHFHQWO\ LQ RUGHU WR UHOHDVH DV D PRGXOH RI WKH $'9(1785( V\VWHP QDPHG DV
$'9(1785(B(LJHQLQWKHIXWXUH

)LJ  6LPXODWLRQ UHVXOWV RI SUHYLRXVO\ GHYHORSHG HLJHQYDOXH DQDO\VLV VROYHU 5HFLSURFDWLQJ HQJLQHPRGHO SURYLGHG E\ 7HFKQRVWDU&R/WG
1XPEHURIQRGHV1XPEHURIHOHPHQWVVWRUGHUWHWUDKHGUDOHOHPHQW%RXQGDU\FRQGLWLRQVIL[ERWWRPVXUIDFH7RWDO'2)V

3UHYLRXVO\ ZH KDG GHYHORSHG D VHTXHQWLDO QRWSDUDOOHO FKDUDFWHULVWLF YLEUDWLRQ VROYHU EDVHG RQ WKH VROYHU
GHYHORSHGE\.RED\DVKLHWDO>@7KLVVROYHUKDVDQLPSOHPHQWDWLRQRIHQULFKHGIUHHPHVKPHWKRG()00>@
LQDGGLWLRQWR)(0DQGFDQVROYHHLJHQYDOXHSUREOHPVE\RULJLQDOO\LPSOHPHQWHG/DQF]RVPHWKRGIXQFWLRQ)LJXUH
 VKRZVRQHRI WKHVLPXODWLRQ UHVXOWVRI WKLV VROYHU7KLV UHFLSURFDWLQJ HQJLQHPRGHOKDV DSSUR[LPDWHO\RQHPLOOLRQ
 GHJUHH RI IUHHGRPV '2)V ,Q RUGHU WR FDOFXODWH PRGH YLEUDWLRQ RI WKLV PRGHO E\ XVLQJ D 3&
ZRUNVWDWLRQ &38  ,QWHO &RUH L  0HPRU\ ''5  *% 26 RSHQ686(  B WKLV VROYHU
QHHGHGDERXWKRXUVVHFLQXVHU&38WLPH%HFDXVHWKHPRVWUHPDUNDEOHIHDWXUHRIWKH$'9(1785(
V\VWHP LV WKH FDSDELOLW\ IRU ODUJHVFDOH DQDO\VLV ZH DLP DW WKH UHDOL]DWLRQ RI ODUJHUVFDOH FKDUDFWHULVWLF YLEUDWLRQ
DQDO\VLV)RUWKDWSXUSRVHLWLVLQGLVSHQVDEOHWRSDUDOOHOL]HRXUHLJHQYDOXHDQDO\VLVVROYHU
$VPHQWLRQHG DERYH WKH SDUDOOHO SURFHVVLQJRI$'9(1785( LV EDVHGRQ+''0$OVR LQ WKH FKDUDFWHULVWLF
YLEUDWLRQDQDO\VLVVROYHUWKHGHYHORSLQJWDUJHWLVWKHSDUDOOHOL]HGVROYHUEDVHGRQ+''0,WLVFRQVLGHUHGWKDWRQH
ZD\IRUUHDOL]LQJHLJHQYDOXHDQDO\VLVE\+''0LVWRVROYHWKHOLQHDUHTXDWLRQVDSSHDUHGLQVKLIWDQGLQYHUWLWHUDWLRQ
RIWKH/DQF]RVW\SHDOJRULWKPVE\+''0$OWKRXJKZHSODQQHGWRLPSOHPHQWSDUDOOHOLVPLQWKLVIRUPLWZDVKDUG
WRGHYHORSVXFKDSDUDOOHOVROYHUGLUHFWO\EHFDXVHRIWKHGLIILFXOW\RISDUDOOHOSURJUDPPLQJ)RUWKLVUHDVRQZHKDYH
EHHQGHYHORSLQJLQVWDJHV,QWKLVSDSHUZHVKRZWKHWKHRU\DQGWKHUHVXOWVRIQHZO\FUHDWHGVHTXHQWLDOVROYHUPDGH
IRU YHULILFDWLRQ RI WKH SODQQHG SDUDOOHOL]DWLRQPHWKRG 7KLV QHZ VROYHU LPSOHPHQWV WKH LQYHUVH LWHUDWLRQPHWKRG
LQVWHDGRIWKH/DQF]RVPHWKRGEHFDXVHRILWVVLPSOLFLW\$OWKRXJKWKHLQYHUVHLWHUDWLRQPHWKRGLVQRWVXLWDEOHIRUODUJH
VFDOH SUREOHPFRPSDUHGZLWK WKH/DQF]RVPHWKRGWKH+''0SDUDOOHOL]DWLRQ WHFKQLTXHVZH DUH JRLQJ WR DSSO\ WKH
LQYHUVHLWHUDWLRQPHWKRGFDQDOVREHXVHGWRVKLIWDQGLQYHUWLWHUDWLRQRIWKH/DQF]RVPHWKRG7KHUHIRUHWKHLQYHUVH
LWHUDWLRQPHWKRG LV VXLWDEOH IRU WHVWLQJ RI RXU SDUDOOHOL]DWLRQPHWKRG)XUWKHU LQ DGGLWLRQ WR QRUPDO FKDUDFWHULVWLF
YLEUDWLRQ DQDO\VLV WKLV QHZO\ GHYHORSHG VHTXHQWLDO VROYHU FDQ SHUIRUP YLEUDWLRQDQDO\VLV XQGHU WKH FRQGLWLRQ WKDW
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DVVXPHVPDVVPDWUL[LVWKHLGHQWLW\PDWUL[7KLVDVVXPSWLRQZDVPDGHLQRUGHUWRYHULI\WKHSDUDOOHOL]DWLRQPHWKRGZH
SODQWRGHYHORSLQWKHQH[WVWHS7KHWHFKQLTXHRISDUDOOHOL]DWLRQPHWKRGZHSODQQHGZLOOEHPHQWLRQHGLQGLVFXVVLRQ
0HWKRG
7KH JRYHUQLQJHTXDWLRQ RI IUHH YLEUDWLRQ GLVFUHWL]HG E\ ILQLWH HOHPHQW PHWKRG WDNHV WKH IRUP RI VRFDOOHG
JHQHUDOL]HGHLJHQYDOXHSUREOHP>@7KDWLV
  
:KHUH LV VWLIIQHVVPDWUL[V\PPHWULFDQGSRVLWLYHVHPLGHILQLWH LVPDVVPDWUL[V\PPHWULFDQGSRVLWLYH
GHILQLWH LVHLJHQYDOXHDQG LVHLJHQYHFWRU7KHDQJXODUYHORFLW\ RIFKDUDFWHULVWLFYLEUDWLRQHTXDOVWRWKHVTXDUH
URRWRI WKHHLJHQYDOXH 6LQFHWKHPDVVPDWUL[ LVSRVLWLYHGHILQLWH WKHHTXDWLRQFDQEHWUDQVIRUPHG
LQWRIROORZLQJVWDQGDUGHLJHQYDOXHSUREOHP
  
$VDPHWKRGWRWUDQVIRUPWKHHTXDWLRQWRWKHVWDQGDUGIRUPWKHPDVVPDWUL[ LVIDFWRUL]HGDWILUVWDV
E\WKH&KROHVN\GHFRPSRVLWLRQWKHQWKHHTXDWLRQFDQEHREWDLQHGE\GHILQLQJ DQG

,QSUHVHQWVWXG\WKHWDUJHWWREHVROYHGLVVWDQGDUGIRUPSUREOHP:HQHZO\GHYHORSHGDVHTXHQWLDOHLJHQYDOXH
DQDO\VLVVROYHUZKLFKLPSOHPHQWVWKHLQYHUVHLWHUDWLRQPHWKRGLQRUGHUWRXVHDVDEDVHIRUFUHDWLQJSDUDOOHOVROYHULQ
WKHIXWXUHDQGLQRUGHUWRXVHIRUYHULILFDWLRQRIWKHSDUDOOHOL]HGVROYHU7KHDOJRULWKPRIWKHLQYHUVHLWHUDWLRQPHWKRG
LVVKRZQLQ$OJRULWKP>@
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,Q $OJRULWKP  LV VKLIW SDUDPHWHU LV PDFKLQH HSVLORQ DQG PHDQV WKH (XFOLGHDQ QRUP RI ,Q WKLV
DOJRULWKPWKHGSRUWLRQUHTXLUHVPDQ\FRPSXWDWLRQDQGODUJHVL]HRIPHPRU\7KHUHIRUHLQRUGHUWRSDUDOOHOL]HWKLV
DOJRULWKPLWLVVWDQGDUGPHWKRGWRSDUDOOHOL]HWKHGSRUWLRQLQWKHVWXGLHVRISDVWDQGZHDOVRSODQWRSDUDOOHOL]H
WKLVSDUW
)RUWKHVLPSOLFLW\RIWKHSDUDOOHOLPSOHPHQWDWLRQQHZVROYHUFDQVROYHDOVRDYLUWXDOSUREOHPLQZKLFKWKHPDVV
PDWUL[LVWKHLGHQWLW\PDWUL[ ,QWKLVFDVH$OJRULWKPFDQEHVLPSOLILHGDVVKRZQLQ$OJRULWKP
$OJRULWKP,QYHUVHLWHUDWLRQPHWKRG$VVXPLQJ 
D
 VWDUWZLWKYHFWRU WKHLQLWLDOJXHVV
E
 IRU 
F
 
G
 
H
 
I
 LI VWRS
J
 HQGIRU
K
 DFFHSW DQG 
,Q$OJRULWKPWKHIRUPXODLQWKHSDUWWREHSDUDOOHOL]HGEHFRPHDVVKRZQDWG
7KHHTXDWLRQG¶KDVWKHVDPH
IRUPDV WKHHTXDWLRQWKDW LVVROYHGLQOLQHDUHODVWLFDQDO\VLV7KHUHIRUHH[LVWLQJSDUDOOHOVWUXFWXUDO)(0VROYHUVVXFKDV
$'9(1785(B6ROLG FDQ EH XVHG WR VROYH WKH HTXDWLRQ G¶ LIVXLWDEOH ERXQGDU\ FRQGLWLRQVZHUH VHW 8QGHU WKH
DVVXPSWLRQRI WKHSK\VLFDOPHDQLQJVRIREWDLQHGUHVXOWVDUHORVWLQDOPRVWHYHU\FDVHKRZHYHULWLVSRVVLEOH
WRYHULI\WKHSDUDOOHOL]DWLRQPHWKRGZHZHUHSODQQHG
,QRUGHUWRWHVWWKHDFFXUDF\RIQHZO\GHYHORSHGVROYHUWKHPRGHOVKRZHGLQ)LJZDVVROYHGE\RXUSUHYLRXVO\
GHYHORSHGVROYHUDQGQHZO\GHYHORSHGVROYHUDQGWKHVROXWLRQRIWKHVHVROYHUVZHUHFRPSDUHG)XUWKHULQRUGHUWR
FKHFNWKHLQIOXHQFHRIUHSODFLQJWKHPDVVPDWUL[ZLWKWKHLGHQWLW\PDWUL[ZHFDOFXODWHGWKHVROXWLRQLQWKHFDVHRI
E\XVLQJWKHQHZO\GHYHORSHGVROYHUDQGWKHVROXWLRQZDVFRPSDUHGWRWKHQRUPDOVROXWLRQ
5HVXOWV
)LJVKRZVWKHPRGHUHVXOWVRIYLEUDWLRQDQDO\VLVIRUHDFKFDVH&RPSDULQJ)LJDZLWK)LJELWFDQEH
VHHQWKDWWKHVKDSHRIWKHIUHHYLEUDWLRQZHUHDOPRVWLGHQWLFDODQGVDPHHLJHQIUHTXHQF\YDOXHVZHUHREWDLQHG2Q
WKH RWKHU FRPSDULQJ )LJ F ZLWK )LJ E LW FDQ EH VHHQ WKDW WKH YLEUDWLRQ VKDSH LV QRW VLJQLILFDQWO\
GLIIHUHQWTXDOLWDWLYHO\DOWKRXJKWKHUHVXOWDQWHLJHQIUHTXHQF\ZHUHTXLWHGLIIHUHQW

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
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


)LJ5HVXOWVRIWKHWHVWPRGHOPRGH
F 1HZO\GHYHORSHGVROYHU 
(LJHQIUHTXHQF\ +]
D3UHYLRXVO\GHYHORSHGVROYHU
(LJHQIUHTXHQF\ +]
E1HZO\GHYHORSHGVROYHU
(LJHQIUHTXHQF\ +]
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'LVFXVVLRQ
6LQFHWKHUHVXOWRIQHZO\GHYHORSHGVROYHUZDVFRQVLVWHQWZLWKWKDWRISUHYLRXVVROYHUZHWKRXJKWWKDWWKHQHZ
VROYHUFDQVROYHWKHHLJHQYDOXHSUREOHPSURSHUO\7KHUHIRUHZHDUHJRLQJWRGHYHORSSDUDOOHOYHUVLRQVROYHURQWKH
EDVLVRIWKLVVROYHU
,Q WKH FDVH RI  WKHUHZDV QR VLJQLILFDQW FKDQJH LQ WKH YLEUDWLRQ VKDSHTXDOLWDWLYHO\ZH WKRXJKW WKDW WKH
LQIOXHQFHRIWKHDVVXPSWLRQWRWKHQDWXUHRIWKHHLJHQYDOXHSUREOHPDUHOLPLWHG8QGHUWKLVDVVXPSWLRQDOWKRXJKWKH
SK\VLFDOPHDQLQJVRIWKHUHVXOWVDUHORVWWKHWHVWLPSOHPHQWDWLRQRISDUDOOHOHLJHQYDOXHDQDO\VLVFDQEHUHDOL]HGHDVLO\
E\XVLQJSDUDOOHOVWUXFWXUDOVROYHUWRVROYHWKHHTXDWLRQG¶$WSUHVHQWWLPHZHKDYHDSODQWRGHYHORSDSDUDOOHOL]HG
VROYHUXWLOL]LQJ$'9(1785(B6ROLG DV D OLQHDU VROYHU WR VROYH HTXDWLRQ 
 7KH DQDO\VLV IORZ RI WKLV SDUDOOHO
YHUVLRQ VROYHU LV VKRZHG LQ )LJ7KLV IORZ LV H[HFXWHG E\ D VKHOO VFULSWXVLQJ WKH$'9(1785(B6ROLG DQG WKH
$'9(1785(B0HWLV LQ FRPELQDWLRQZLWK WKH ³LQLWLDOL]HU´ SURJUDP VKRZHG LQ)LJ  DQG WKH ³LWHUDWHU´ SURJUDP
VKRZHGLQ)LJ7KH³KGGPPUJ´SURJUDPLVRQHRIWKHWRROVGLVWULEXWHGZLWKWKH$'9(1785(B6ROLG7KHSXUSRVH
RI WKLV SDUDOOHO YHUVLRQ LV WR YDOLGDWH WKH SDUDOOHO FRPSXWDWLRQDOSURFHVV ZKHQ XVLQJ GLVWULEXWHGPHPRU\ SDUDOOHO
FRPSXWHUV















)LJ7KHIORZFKDUWRISDUDOOHOHLJHQYDOXHDQDO\VLVE\XVLQJ$'9(1758(UHVRXUFHV
6WDUW
,QLWLDOL]DWLRQE\WKH³LQLWLDOL]HU´SURJUDPVKRZHGLQ)LJ
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
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&RQFOXVLRQ
:H DUH GHYHORSLQJ DQ HLJHQYDOXH DQDO\VLV VROYHU DV D PRGXOH RI WKH $'9(1785( V\VWHP &XUUHQWO\ ZH
GHYHORSHGWKHVHTXHQWLDOVROYHUZKLFKZLOOEHXVHGDVWKHEDVLVRISDUDOOHOVROYHU
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